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(54) A beam-to-column connection 

(57) A beam-to-column connection (8) is suitable for 
connecting an H-beam (7) to a column surface (6). The 
connection is defined at an end of the H-beam which has 
a web plate (73) and a pair of flange plates (71 ,72). The 
connection comprises a web plate member (83) inte- 
grally formed with the web plate of the H-beam; and a 
pair of flange plate members (81,82), each of which is 
integrally formed with the flange plates and has a tapered 
zone. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

elates to a beam-to-column 
Tne present ™^^^ u n« connects 
connect.on, especially to a beam 
having high ductility. 
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Description of Prior Art: 

ture , the struma. 5 ^ e a ^ s e gen erateddur 1 ngan 
enough strength to resist the fo collapse 0 f 

earthquake. In order and r * 

thestructuredunngasevereearthQ ^ 

atte energy d-ss ipatior . capac y mem . 
throughproperdesignandd^ ^ , ramesun der 
bersandjo^ntsTorsteelmomem ^atthe 
severe earthquake to ^ a ^p a ed P r,marily by the 
input energy is -"^S^aJn* connect.on 
p,astic hinge lormed .^j^^ connect.on 

p,aced on either the f^f^Srames. the design 
global behavior ofthelrame^Fastee 

and construction oMhe, m ^rS rs ^ ^ ^ 
ward, since most of thes e me de | ines have 

DG en well ^J^ty However, the design 

develop the, strength and ducui ty thes 

and construct.cn of *e conne ted High 

structural members 15 "f^^ally utilized in these 

a^^g"^"^* these connec- 
connect.ons. The structural tnc chan ges 

tons .s not only aflec ed ^ ^ ^ a bolt 

around connections bu also constru ction 

no.es and -^^^to the collapse failure of 
of these connections may ieiu 
the whole structure tics o) connections is 

Research on the struC tural testing 

-any cond through • ^ we)ding . ln ge ,. 
,o account for the effects or a bgam ^ as an H . 
eral eng.neering practice, the s nect ed by a 

bea m hav,ng a pa, ^"^nr, by bolting the 
web . is usually connected to the ^ then 

beam web to the shear tab on he co u P ^ ^ a 

welding the beam ^.^^ a'nd has almost 
rnomentconnect.on.Th s .sw.dey )arge scale 

become standard P rac,, ^^^ ationca pac.tyofth.s 
ex per,mental stud.es. lack (The Chi- 

Journal, AlSC.Nc.l. Vol.23, 1986). 



a Mii,tv c, e the deformat.on capacity or the 
The ductility (i.e. tne a fo n can be rep- 

energy d.ss. P at,on capacity) c a co^ ^ ^ 
resented by plastic f 8 ^"^^* be am is cho- 
« he plast-c rotational angle ©p. a cant.. ^ ^ 

s sen tor illustration as shown . hg _ ^ CQn . 

5 supportng a concentratec Mo. P * Js ^ 
strutted of a ^st.c-piast^a te ^ 
a downward load is a pos. rveioao g ^ 
is a negative load, in ^'9^ ^deflection & 
, c Assuming the cantilever beam has rf 
and elastic deflectior , oe «J ^ the ^ ^ 

W angle e P is defied as fol.ow,ng. 



@ p = Min[Abs(Op')l 



. , prom the abovementioned defini- 
wherem 0p' = &P ^ J^^r plastic rotational 

20 angle a beam has. the ,ar 9 e 3? )arge £|2e 

beam has. Fig. 2 shows statis -cal d ^ ^ 

steel beam to ^x-column connect ^ these 

cyc „c load tests ir .recent were brittle. 
37 ^ of these specimens 

25 The average plastic row adequate. 

was only 0 92% radian ^J^^of Structural 
Recen t work don. Jy 1*0* » ^ found lack 

Division, ASCE, vol. 119 ^ , hebeamto H-column 
otreliaWedeformationcap ^ ^ nas 

3 0 moment connec ton Jhe reliably ^ ^ a 

l0 ng been questioned ■ So™ £ ^ and use a ,,bolt 
short beam to the column * would increa se 

beam splices in the field. Howev^t ^ ^ 

the construction cost sub Jjjj^g* J b eam-to-col- 
35 selectedtoincreasetheflexu alst ^ ^ ^ 

umn connections a^d to move t usua „ y 

r^^^s— ■ ndMm,,nB,i, " 



SUMMARY OF THE WENHON 



tures by retrofitting. present inven- 

-n accordance ^ , » ^^^11 connection for 
55 tion. there .s P^^^n surface. The connec- 
connectmg an H - beam ^ t C h tlTbeam which has a web 
tion is defined at an end other. Hbeam 
p.ateandapairofflangep^edep^ 

is D. The connection comprises a weo 
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integrally formed with the web plate of the H-beam; and 
a pair of flange plate members, each of which is integrally 
formed with the flange plates and has a tapered zone. 
The tapered zone is formed within a region which is 
defined between the column surface and a line parallel 
to and apart from the column surface at a distance 2D 
The width of the flange plate members in the tapered 
zone is determined by reducing tne plastic moment 
capacity of the H-beam to an amount of 90%-95% of the 
demand moment capacity of the H-beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to accompanying draw- 
ings, wherein: 

Fig. 1 is a schematic diagram of a cantilever beam 
under a concentrated load at its free end; 
Fig. 2 shows statistic data from 37 large size steel 
beam to box-column connections subjected to cyclic 
load tests in Taiwan; 

Fig. 3a~Fig 3c show three tension coupons under 
uniform loads at their ends; 

Fig. 4 is a schematic diagram of a typical moment 
resisting frame under earthquake loads; 
Fig. 5a shows a cantilever beam model under a con- 
centrated load at its free end; 
Fig. 5b shows a cross section of the cantilever beam 
model according to Fig. 5a; 

Fig. 5c is a bending moment diagram of the canti- 
lever beam model according to Fig. 5a; 
Fig. 5d is a normal stress diagram of a flange plate 
of the cantilever beam model according to Fig. 5a; 
Fig. 6 shows an equivalent flange plate of the flange 
plate according to Fig. 5d; 

Fig. 7 is a perspective diagram of an H-beam con- 
nected to a box-column through a beam-to-column 
connection according to an embodiment of this 
invention; 

Fig. 8 indicates a demand moment capacity on the 
flange plate of the H-beam according to Fig. 7, 
Fig. 9 is a perspective diagram of an H-beam con- 
nected to an H-column through a beam-to-column 
connection according to an alternative embodiment 
of this invention; 

Ftg. 10a is a schematic diagram of an H-beam con- 
nected to a box-column through a beam-to-column 
connection according to example 1 of this invention; 
Fig. 10b is a schematic diagram of an H-beam con- 
nected to a box-column through a beam-to-column 
connection according to example 2 of this invention; 
Fig. 10c is a schematic diagram of an H-beam con- 
nected to a box-column through a beam-to-column 
connection according to example 3 of this invention; 
Fig. 1 1 shows plastic rotational angles of specimens 
PCi , PC2, PC3 in the example 1 ~3. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In order to understand the following emoodiments, 

f relevant principles need to be introduced first. 

The geometry, loading type and material properties 
all affect the hysteresis performance of a structural mem- 
ber. Fig. 3a~Fig. 3c show three tension coupons 31 , 32, 
33 under uniform loads at their ends. Each of the tension 

to coupons 31 , 32. 33 has the same minimum width " a " 
and is made of the same material. When the loads are 
gradually increased, the reduced sectional area of the 
tension coupon 31 will yield uniformly. However, the ten- 
sion coupon 32 that has varying width along its length 

is will yield around the section of minimum width only. Since 
the plastic deformations concentrate m a limited area, 
only very limited energy dissipation capacity can be 
expected. The deformation characteristics of the tension 
coupon 32 can be classified as brittle. The tension cou- 

2c pon 33 has the same sectional properties as the tension 
coupon 31 except it has a longer length of constant 
stress area. Hence, the tension coupon 33 possesses 
larger plastic volume and will dissipate larger amount of 
energy as compare with the tension coupon 31 

25 Referring next to Fig. 4 through Fig. 6. for a typical 

moment resisting frame 1 under earthquake loads (Fig. 
4), it is found that the earthquake loads are primarily 
resisted by the flexure behavior on the beam-to-column 
connections. A cantilever beam model 4 under concen- 

30 trated load P at its free end (Fig. 5a) would produce the 
same moment gradient as the frame 1 . The cantilever 
beam model 4 has a pair of flange plates 41 , 42 (Fig. 5b) 
connected by a web. Fig. 5c is a bending moment dia- 
gram of the cantilever beam model 4. Fig.Sd is a normal 

35 stress diagram of the flange plate 41 of the cantilever 
beam model 4. The same stress state can be obtained 
by modelling the flange plate 41 on a plate 5 (Fig. 6) with 
varying width and subject to a uniform load at the far end. 
However, this equivalent plate 5 also simulates the situ- 

40 ation of the tension coupon 32 shown m Fig. 3b. The ten- 
sion coupon 32 has little deformation capacity and will 
readily brittle fracture. This phenomenon explains why 
the steel beam-to-column connection usually possesses 
limited ductility. 

45 Fig. 7 is a perspective diagram of a H-beam con- 

nected to a box-column through a beam-to-column con- 
nection according to an embodiment. A numeral 6 
represents the box-column and 7 represents the H- 
beam. The H-beam 7 includes a web plate 73 and a pair 

so of flange plates 71 , 72. A cross section of the H-beam ts 
in the shape of an H because the flange plates 71 , 72 
are formed at the opposite sides of the web plate 73 
respectively The depth of the H-beam is D The beam- 
to-column connection 8 is defined at one end of the H- 

55 beam 7 and includes a web plate member 83 and a pair 
of flange plate members 81, 82. In other words, the 
flange plate members 81 , 82 and the web plate member 
83 are integrally formed with the flange plates 71 , 72 and 
the web plate 73 respectively. The connection 8 formed 
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A HhpH beam7canbeconnectedtothebox- 
at the end of the H-beam i <~ 

column 6 by welds 91 and/or bol B 9 ^ & 

Each of the flange plate 81 82 are 

tapered zone. The <W f^^^*, 
trimmed to form the ^fj^ arrangement is to 
tance from a column surface 0 fon 0 , ma tenal 

avoid welding detec ts a „ speak ,ng. 

properties in the heat effect ^ n£ {rom me col- 
^distance where thetaperedzonebeg ^ ^ 

u mn surface 61 is between about 5 c 
end of the tapered zone w « <^^ s experi ences. 

and designs of a ^I^^ performance under 
nc^ever.theconnect.onShas gooO P ..^^ & 

a station that the taper^ zon is ^ ^ 

regl0 n which is defined beween^ 
and aline L parallel to ar* lap-* omt^ Trim- 
61 at about a distance 2D (C .me conne ction 
min g the flange peases the required 

8 out of the ^^"^T^e^pose of the tapered 
stmnessof theconne^Thepu ^ ^ 

zone is to create * ™ t £ mome nt gradient (or 
t0 Fig. 8, a dotted line 11 nd sates Tnetapere d 
denld moment capacity) of the ^ 
zo neoftheflangeplatemembers8^8 ^ ^ 

ing to the moment ^ Anient, the 

enlarged area olj^jng- * 8 are 

„ange plate n*r*ers 81 .W plastic 
tapered to reduce J**^ ^ ^ ^ ^ 
moment capacity) equal to ° n lastic moment 
demand moment capacity. To reduce ^ P means 

capacity equal to ^«^J^.^the**ad 

theflange plate membes8i,82a^ec ^ 

line 1 1 . Howe/er. to set the tne dem and 

the tapered area to be a MM e tnat 

m0 ment capaaty (as shown and t0 av0ld 



specimens P^ 1 . rw ' A36 stee |. wherein 
H600x300X12X20(mm, wrth A* mm jn 

600(mm) represent the b ^ep*. a ^ ^ 

length. The column 2 s f .^572 Grad e 50 steel. 
□500x500x20x20(mm)withASTMAb 



„. nP n isshowninFig lOa, 
10 Tl^edetailof thespecimanPCI is 2 s cm ^ = ^ 

wherein al = ^f/^e fla nge plate member of 
a5 = 19.9 cm, a6 = 247 ™\ at a dist ance a1 away 
^connection *™££f^* ^ ^ q 
, r0 m column face. This ^ , e tnat is , 0 cated at 
I5 tnefieldweld ^^^Z.^*^^^ 
Wit^^^^Ji*, object area of length 
sition area of length a2 ano ther transition 

a3 . After the <*,«* area ,s foHowec y ^ ^ ^ f iange 
area of length a*. In this examp ^ jned by red uc- 
20 Plate member in the object area s q< 

r^Tarandthemaximumisae. 



25 =_ 

uki 19 em b2 = 5cm,b3 = 30.b4 = l0 
mFig.10b.b1 The specimen PC2 is 

cm. b5 = 17.5 cm. b6 = 23 _° cm h , th d the object 
similar to the spec.men PC v ertn anthatot 
30 area of PC2 is 30 cnvrtj* ^^si^on capacity. 
PC, . This is to mere ^^ M e pla te member 

maximum is b6. 



.™y have deteriorated the mate- ^ 
The tapered zone ^^" Jg ^2 which reduces 

-^^ ,W ^2SU' 7 ,0 ab0Ul 

tne plastic moment capacrty o d ot the h- 

90 % to 95% of *J^J^Sn between the H- 
beam 7. Th.s Anders the con ^ 

bea m ar* the ^Connections to about 3.0% 
plastic rotational angle at tne c 

10 5 r^ a d :to-co,mn o^;^ e ZZ 

^■^^•^T^Z 6- ^Presents 
H-column. As shown .n ^ ction 8 1S defined 
anH-column. A beam-to^olumn ccj ^ 

at one er* of an connected to the H- 

the connection 8 of the ^ connection 8 

column 6\ Because the H-bea d them 

arethe same as those m F-g. 7. tne 
in detail is omitted here are ^tended to 

The following *«* c ^* y wl , h0 ut acting as a 

demonstrate this -nvention mo re 

l, m ,tation upon its scope^ seskii ^.^ 

and variations will be apparem w 



, n2c m C2 = 5cm.c3 = 30cm.c4 
in Fig. IOC cl = 12 ^cm. U ^ £m00tn 

-10cm.c5-l75cm*-2^^ . ne6|orthecut . 
curves, thespec-men PC3 uses st ag Excepuhis 

the specimen PC3 is exdi- y 
45 PC2. pC2, PC3 are tested under 

The specimens rui. splace ment ampli- 

cyC lic load with ^^'^ This is to simulate the 
t ud es up to the, ^^T^ of the specimens 
recurrence of sesrn,c ^ a * ^' freeend . The length from 
50 pet , PC2, PC3 is load-J^r, ^ l0 the beam 
,oading pent to the co umn ^surface eq ^ ^ beam 
length (1850 mm) that * aboij r*ree aboutQ & Vp 

depth- This wou^ the beam, when the 

Vp is the nominal shear strengi fe tQ sim . 

U late the conditior , fta : the beam djngm oment 
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the structure deforms rapidly but the loads remain essen- 
tially constant or even decrease. 

The plastic rotational angles of the specimens YCl , 
YC2, PCI , PC2, PC3 under the positive loading anc the 
negative loading are shown in Fig. 11. From Fig. 2 the 5 
average plastic rotational angle of 27 large size beam- 
to-column connection tests is only 0.92% radian, which 
is not adequate to survive a severe earthquake The 
plastic rotational angles at the connections of the spec- 
imens YC1 , YC2, PC1. PC2 t PC3 tested are 2.35% to k- 
4.84% radian These amounts of the plastic rotational 
angles are several times higher than that of the prior art. 

Although this invention has been described in its 
preferred forms and various examples with a certain 
degree of particularity, it is undeistood that the present ts 
disclosure of the preferred forms and the various exam- 
ples can be changed in the details of construction. The 
scope of the invention should be determined by the 
appended claims and not by the specific examples given. 

20 

Claims 

1. A beam-to-column connection for connecting an H- 
beam to a column surface, said connection being 
defined at an end of satd H-beam having a web plate 25 
and a pair of flange plates, the depth of said H-beam 
being D, said connection comprising: 

a web plate member integrally formed with 
said web plate of said H-beam, and 

a pair of flange plate members, each of which 3c 
is integrally formed with said flange plates and has 
a tapered zone. 

2. A beam-to-column connection as claimed in claim 

1, wherein each of said tapered zone is formed 35 
within a region which is defined between said col- 
umn surface and a line parallel to and apart from said 
column surface at a distance 2D. 

3. A beam-to-column connection as claimed in claim 1 to 
or 2. wherein the width of said flange plate members 

in said tapered zone is determined by reducing the 
plastic moment capacity of said H-beam to an 
amount of 90%-95% of the demand moment capac- 
ity of said H-beam. 45 

4. An H-beam comprising a web plate connected to a 
pair of flange plates, the H-beam having a longitudi- 
nal length L and a depth D, the H-beam having a 
region along its longitudinal length L, which has a sc 
length 2D and which is provided with a tapered 2one 
formed in that region in the flange plates 

5. The H-beam as claimed in claim 4, wherein the plas- 
tic moment capacity of the H-beam having the 55 
tapered zone formed therein is about 90 to 95% of 

the demand moment capacity of the H-beam. 



6. The H-beam as claimed in claim 5, wherein the H- 
beam is adapted to form a connection between a 
surface and the end of the H-beam having the region 
provided with the taperec zone, the plastic rotational 
angle of the connection being about 3.0 to 5.0% 
radian. 

7. The H-beam as claimed in claim 6, wherein the olas- 
tic rotational angle is about 3.79 to 4.84% radian 

8. The H-beam as claimed m claim 6. wherein the sur- 
face is the face of an H-column or a box coiumn 
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